1. Introduction {#sec1}
===============

Surface conditioning is essential to increase bond strength to enamel. The direct bonding of orthodontic brackets with composite resins has been considered as one of the most significant developments in orthodontics \[[@B1]\]. The enamel etching technique has been accepted as a routine procedure for bonding orthodontic brackets to the tooth surfaces \[[@B2]\]. However, a potential disadvantage is the possibility of decalcification, which leaves the enamel susceptible to caries attack, especially under orthodontic attachments \[[@B3]--[@B5]\]. There is a need to simplify clinical procedures and minimize enamel loss while maintaining clinically useful bond strength \[[@B6], [@B7]\]. In an effort to improve the adhesion procedure, reduce loss of enamel, prevent saliva contamination, and save chairside time, self-etching primers (SEPs) have been introduced in the market \[[@B8], [@B9]\].

The use of Er:YAG laser for caries removal and cavity preparation was approved in 1997 by the US Food and Drug Administration (FDA) \[[@B10]\]. Although this laser was introduced into dentistry for the ablation of dental hard tissue \[[@B11], [@B12]\], laser sub ablation has become available as an alternative to acid etching of enamel and also dentine \[[@B13]\]. Research on enamel surface roughness showed that laser irradiation yielded a comparable or similar amount of surface roughness as that seen with acid-etch \[[@B14]\]. It has been reported that laser etching inhibits caries, and this could be of great importance in orthodontics \[[@B15], [@B16]\]. Because water spraying and air drying are not needed with laser etching, procedural errors can be reduced and time saved. Therefore, laser irradiation might be a suitable technique to etch enamel for orthodontic bonding.

The purpose of this study was to evaluate the shear bond strength, the adhesive remnant index scores, and etching surface of teeth prepared for orthodontic bracket bonding with Er:YAG laser etching, phosphoric acid etching, and a self-etching primer.

2. Materials and Methods {#sec2}
========================

2.1. Sample Selection and Storage {#sec2.1}
---------------------------------

A total of 120 freshly extracted bovine teeth were strictly selected with intact buccal surfaces following the criteria described by Bishara et al. \[[@B17]\]. The collected teeth were stored in a solution of 0.2 percent (wt/vol) thymol until used, during a period no longer than two months.

2.2. Sample Preparation {#sec2.2}
-----------------------

The teeth were cleansed and pumiced using a rubber cup with fluoride-free paste for 10 seconds, after which they were thoroughly washed with water and air dried. Then, teeth were fixed in acrylic resin (Orthodontic Resin, Dentsply Caulk International Inc., USA), with a label bearing the number of each sample. A mounting jig was used to align the labial surface of the tooth to be perpendicular to the bottom of the mold and its buccal surface parallel to the force during subsequent bond strength testing.

The teeth were randomly assigned to one of the four groups; enamel conditioning protocols are shown in [Table 1](#tab1){ref-type="table"}.

*Group I: Phosphoric Acid.*The acid gel was applied on the enamel for 15 sec, rinsed thoroughly with a forceful air-deionized water spray, and dried with compressed air.

*Group II: Self-Etching Primer.*The SEP was activated according to manufacturer\'s instructions. The resulting mix was then applied by continuously rubbing on the enamel surface for 5 sec. The SEP was then lightly dried using compressed air for 1 to 2 sec.

*Groups III and IV: Er:YAG Laser Conditioning.*Energy levels were calibrated with the calipers of the equipment, and the energy delivered was measured periodically with a power meter (LaserMate-P, Coherent Co., Santa Clara, CA, USA). The irradiation was manually performed in one direction such that the tips were smoothly scanned only once, perpendicular to the enamel surface of the samples. In both irradiated groups, the fixed parameters were the wavelength at 2.94 *μ*m, energy pulse 150 mJ, pulse duration 250--400 *μ*sec, deionized water spraying at 5.0 mL/min, total scanning time of irradiated area 15 sec, and tip-sample distance fixed at 1 mm. At that tip-sample distance, the exit tip and the laser beam had the same diameter, as corroborated with a laminated infrared sensor screen (Lumitek International, Inc., Ijamsville, MD, USA). After Er:YAG laser irradiation, the samples were rinsed thoroughly with deionized water spray and dried with compressed air.

2.3. Brackets {#sec2.3}
-------------

The stainless steel brackets used were 0.018-inch Gemini (3M, Unitek, Monrovia, CA, USA) for upper central incisor. The average surface area of the bracket base was determined to be 12.62 mm^2^. This value was obtained by randomly measuring 10 bracket bases.

2.4. Bonding Procedure {#sec2.4}
----------------------

Prior to bonding, Transbond MIP (3M Unitek) was applied in Groups I, III, and IV according to the manufacturer\'s instructions. In all groups the brackets were bonded with Transbond Plus Color Change (3M Unitek). The bonding adhesive was light-cured with Ortholux Luminous Curing Light (3M Unitek) for a total of 20 seconds.

2.5. Storage {#sec2.5}
------------

A 0.019 × 0.025 inch stainless steel wire was ligated into each bracket slot to reduce any deformation of the bracket during the debonding process. The teeth were fixed in acrylic resin, and a mounting jig was used to align the facial surface of the tooth so that it was parallel to the force during the SBS test. Afterwards, the teeth were stored in distilled water at 37°C for 24 hours.

2.6. Shear Bond Strength (SBS) Test {#sec2.6}
-----------------------------------

Bond strengths were then measured at a crosshead speed of 0.5 mm/min, and the force applied at the time of fracture was recorded in newtons (N) and converted to megapascals (Mpa) dividing the force by the bracket base area.

2.7. Adhesive Remnant Index (ARI) {#sec2.7}
---------------------------------

Once the brackets had been debonded, the enamel surface of each tooth was examined with a stereoscope (Nikon, Tokyo, Japan) at a magnification of 10x to determine the amount of residual adhesive remaining on each tooth. The ARI scores were recorded as described by Årtun and Bergland, 1984 \[[@B18]\], with the following scale used: 0 = no adhesive left on the tooth, 1 = less than half of the adhesive left on the tooth, 2 = more than half of the adhesive left on the tooth, and 3 = all adhesive left on the tooth, with distinct impression of the button mesh.

2.8. Scanning Electron Microscopy (SEM) Observation of Enamel Surface {#sec2.8}
---------------------------------------------------------------------

After the etching procedure, one sample from each group was dried and attached to a testing ring with adhesive carbon paper (SPI Supplies, West Chester, PA, USA) for observation under a scanning electron microscope (SEM) (JEOL, JSM-6510LV, Tokyo, Japan).

2.9. Statistical Analysis {#sec2.9}
-------------------------

Descriptive statistics including the mean, standard deviation, and Scheffé multiple comparisons (one-way ANOVA) with significance predetermined at *P* \< 0.05 were calculated for the SBS analysis. In addition, the chi-square test was used to evaluate the ARI.

3. Results {#sec3}
==========

The SBS, expressed in MPa, and descriptive statistics are shown in [Table 2](#tab2){ref-type="table"}; laser groups showed the lowest ranges.

The ARI scores indicating the amount of adhesive remaining after debonding are shown in [Table 3](#tab3){ref-type="table"}. Chi-square comparison of the ARI scores amongst all groups (*χ* ^2^ = 116.377) indicated that the groups were significantly different (*P* = 0.000). The least amount of adhesive remnant was found in Group III.

SEM analysis showed the different etching patterns obtained for each group ([Figure 1](#fig1){ref-type="fig"}). After phosphoric acid treatment ([Figure 1(a)](#fig1){ref-type="fig"}), a typical etching pattern was observed, mixed prism centers and prism periphery etching. Self-etching group ([Figure 1(b)](#fig1){ref-type="fig"}) showed an etching pattern less pronounced, with an apparent lower loss of interprismatic substance. For Er:YAG laser etching groups (Figures [1(c)](#fig1){ref-type="fig"} and [1(d)](#fig1){ref-type="fig"}) a rough surface with an increased exposure along the prisms was observed, as well as microcracks.

4. Discussion {#sec4}
=============

Technological innovations as well as the evolution of dental materials for the conditioning of enamel offer the clinician several options for orthodontic brackets bonding. In this study, we evaluated three enamel conditioning techniques for bracket bonding in terms of SBS, ARI, and SEM observations. The most common conditioning technique used in bonding procedures was used as control group (phosphoric acid), whereas it is the method that has proved to be the most effective in terms of shear bond strength. However, acid etching has been associated with decalcification and a greater degree of enamel loss \[[@B19]--[@B21]\].

The bond strength value for the self etching primer group was comparable to that obtained for the control group. Additionally, SEM micrographs showed a more conservative conditioning surface with a lower extent of damage to enamel than that produced by phosphoric acid. Furthermore, it has been reported that SEPs prevent saliva contamination and save chairside time \[[@B8]\].

Concerning Er:YAG laser groups, bonding force was similar among them. Nevertheless, conditioning pattern in the enamel surface was specific for each group. According to SEM observations, a lower retention shown by Er:YAG laser conditioning could be explained due to smooth areas on the conditioned enamel surface, being a possible effect of the laser pulse. We recommend additional research to evaluate other scanning techniques for Er:YAG laser conditioning, in order to achieve a homogeneous surface that improves bond strength.

A rougher surface was achieved at the irradiation conditions used in Group IV, associated with a higher energy density and bond strength, without statistically significant difference in comparison to self-etching primer group. However, a clinically acceptable bonding value from 5.9 to 7.8 MPa \[[@B29]\] was not reached.

Although there are previous reports in the literature related to the Er:YAG conditioning of enamel for orthodontic bonding \[[@B22]--[@B28]\], it is difficult to compare them because of diverse conditions employed for irradiation. Reports agree that Er:YAG laser conditioning is a method potentially adequate for orthodontic bonding \[[@B22]--[@B26]\], but inferior to that obtained after conventional acid etching \[[@B23], [@B28]\], as shown in this study. Other authors \[[@B22]--[@B24]\] have reported that a combination of Er:YAG laser conditioning and acid etching produces the best retention. However, this method could result in substantial loss of enamel tissue.

5. Conclusions {#sec5}
==============

The results of this study suggest that Er:YAG laser irradiation is not an option for enamel conditioning, under the experimental parameters employed.
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![SEM micrographs of enamel etching patterns by group. (a) Etched for 15 sec with 35% phosphoric acid (Group I). (b) Conditioned with SEP Transbond Plus (Group II). (c) Enamel irradiated with Er:YAG laser at 11.0 J/cm^2^ (Group III). (d) Enamel irradiated with Er:YAG laser at 19.1 J/cm^2^ (Group IV).](TSWJ2013-719182.001){#fig1}

###### 

Conditioning for control and experimental groups.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------
                                    Groups                                                                                                    
  --------------------------------- -------------------------------------- ------------------------------- ---------------------------------- -----------------
                                    I (Control) Phosphoric acid            II Self-Etching Primer (SEP)    III Er:YAG laser                   IV Er:YAG laser

  Enamel conditioning               Ultra-Etch, Ultradent Products, Inc.   Transbond Plus SEP, 3M Unitek   OPUS DUO Er:YAG + CO~2~, Lumenis   

  Concentration: 35% Time: 15 sec   Time: 5 sec                            Frequency: 7 Hz\                Frequency: 12 Hz\                  
                                                                           Sapphire tip *Ø*: 1.3 mm\       Sapphire tip *Ø*: 1.0 mm\          
                                                                           Energy density: 11.0 J/cm^2^    Energy density: 19.1 J/cm^2^       
  -------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Mean bond strength values (MPa) and descriptive statistics.

  Group   n    Mean   SD    Range      Sheffé\*
  ------- ---- ------ ----- ---------- ----------
  I       30   8.2    4.3   6.6--9.8   A
  II      30   6.8    2.8   5.7--7.8   A, B
  III     30   2.9    1.7   2.2--3.5   C
  IV      30   4.8    2.1   4.0--5.6   B, C

\*Groups with different letters are significantly different (*P* = 0.000) from each other.

###### 

Distribution frequency and percentages of the adhesive remnant index (ARI).

  Group   ARI scores (%)   n                                  
  ------- ---------------- ----------- ----------- ---------- ----
  I       1 (3.3)          5 (16.6)    16 (53.3)   8 (26.6)   30
  II      1 (3.3)          11 (36.6)   9 (30)      9 (30)     30
  III     29 (96.6)        1 (3.3)     0 (0)       0 (0)      30
  IV      5 (16.6)         20 (66.6)   3 (9.9)     2 (6.6)    30

*χ* ^2^ = 116.377; df = 9; *P* = 0.000.
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